Cross-species amplification of microsatellite loci is considered to be a time-saving as well as a cost-effective approach for developing locus specific markers for new species. In an attempt to identify molecular markers to determine gene flow events and genetic differentiation of populations in rattans, microsatellite primer pairs developed for Cocos nucifera (Arecaceae) were examined for cross-species amplification in rattans. Of the six microsatellite primer pairs screened, two (CNZ34 and CN2A5) yielded good cross-species amplification across different rattan genera and species from South and Southeast Asia. Based on microsatellite-specific PCR amplification products, cluster analysis was performed. The dendrogram indicated a clear grouping of rattans based on their genera and species. The coconut locus specific primer pairs could be successfully used to construct molecular differentiation of rattan genera across different geographical locations.
Introduction
Rattans, a group of trailing or climbing palms, belong to the family Arecaceae (Palmae). With about 600 species in 13 genera, their distribution is restricted to tropical and sub-tropical Asia and equatorial Africa (DRANSFIELD, 1996) . Very few rattans have been investigated cytologically to determine the chromosome numbers, diploid numbers vary between 22-24 (RAO and RAO, 1998) . Majority of them are dioecious (RAVIKANTH et al., 2001) . Rattans form an important source of livelihood for the economically and socially weaker sections of the community in South and Southeast Asia. India is one of the richest sources of rattans, harboring over 70 species in five genera, viz., Calamus, Daemonorops, Zalacca, Korthalsia and Plectocomia (RENUKA, 2001) . They comprise of more than fifty percent of the total palm taxa in India (BASU, 1985) and occur in the Western Ghats, sub-Himalayan hills, valleys of Eastern and Northeastern India and the Andaman and Nicobar Islands. Their elastic stems are highly valued for lightness, strength and durability, forming a major source for furniture industry. As the world's demand for rattan products is increasing, there is tremendous pressure on the native populations of rattans. Extensive extraction, loss of habitats and other anthropogenic activities have severely threatened rattan genetic resources in India. The threat is further accentuated by the fact that rattans are dioecious and because of their premature harvest, they rarely flower and fruit. A number of endemic rattan species are already threatened and are on the verge of becoming endangered (LAKSHMANA, 1995; LYNG-DOH et al., 2005) . Few studies have addressed the population genetic consequences of habitat fragmentation in these species (WICKNESWARI and BOYLE, 2000; RAVIKANTH et al., 2001; LYNGDOH et al., 2005) . One of the major constraints in population genetic studies of rattans is the lack of availability of precise molecular markers.
Locus specific markers such as microsatellites could be of great utility not only in determining the levels of genetic diversity but also in unraveling the genetic structure of the populations and in estimating the levels of gene flow. They are capable of detecting a large number of alleles with high reproducibility and transportability between species (CLAUSS et al., 2002) . They are also markers of choice for 'DNA fingerprinting' applications, and are used to investigate questions related to effective population size, structure, migration, colonization rates and mating systems (TURPEINEN et al., 2001; CLAUSS et al., 2002) . Despite their global applicability, the development and utility of microsatellites for fingerprinting or alternatively converting them into STMS (Sequence Tagged Microsatellite Sites) are both expensive and time consuming (PEAKALL et al., 1998) .
It has been reported that the microsatellite flanking regions in which the primers are placed evolve much more slowly, and therefore might permit cross-species amplification in species other than the one for which it has been designed (PEAKALL et al., 1998; KARHU et al., 2000; TURPEINEN et al., 2001) . This approach offers a potential for low cost development of microsatellite markers for species with little or no information on sequence, through the screening of primers from different sources. Increasing number of workers have taken advantage of this to evaluate whether already available markers could provide cross-amplification in the species in question and have reported that the cross-species microsatellite amplification may resolve ecological and evolutionary questions (SCOTT et al., 2001; WILLIAMSON et al., 2002; CLAUSS et al., 2002; JONES et al., 2002) . Against this backdrop, we attempted to examine the cross-amplification of microsatellite markers developed for Cocos nucifera against rattans as both belong to the family Arecaceae and also to study the relative molecular differentiation of the various rattan genera. 
Cross-Species Amplification of Coconut Microsatellite Markers in Rattans

Materials and Methods
Six pairs of previously published coconut (Cocos nucifera) species specific microsatellite markers viz., CNZ05, CNZ19, CNZ34, CNZ46, CN2A5 and CN1G4 (TEULAT et al., 2000;  Leaf samples of the rattan species, C. thwaitesii, were obtained from primary field collection in the Western Ghats, India. Leaf samples of other Calamus species and rattan genera, one each, were obtained from herbarium samples from Kerala Forest Research Institute (KFRI), Kerala, India. Genomic(g)-DNA from 100-150 mg mature dry leaf sample was extracted in 1.5 µl Eppendorf tube using a modified CTAB method (DOYLE and DOYLE, 1987) . The dry leaf material was ground with liquid nitrogen and was digested at 65°C for 45 min with extraction buffer [10 mM Tris-HCl pH 8.0, 20 mM EDTA pH 8.0, 1.4 M NaCl, 2 % CTAB, 1% PVP-40 and 2 % β-mercaptoethanol (due to the high content of tannins in dry leaf samples, the best results were achieved by increasing the concentration of β-mercaptoethanol to 2 % and removing SDS from the extraction buffer)]. To improve the quality of g-DNA extraction, the chloroform-isoamyl alcohol step was done twice. The g-DNA was precipitated by addition of chilled isopropanol and the pellet was washed twice with 70 % ethanol prior to suspension in 10 mM Tris-HCl (pH 8.0). The g-DNA was again repreciptated with chilled isopropanol and 7.5 M sodium acetate, the pellet washed with 70 % ethanol before resuspension in 10 mM Tris-HCl (pH 8.0).
The microsatellite primer pair nucleotide sequences (TEULAT et al., 2000) were synthesized using custommade oligonucleotides by Sigma Aldrich, USA. All the six microsatellite primer pairs were tested for locus specific amplification using known molecular weight marker (50 bp Orange, Genetex, USA). The microsatellite loci names, nucleotide sequences, their repeat types and their expected PCR product size ranges are depicted in Table 1 .
The PCR amplification was carried out in 15 µl volume reaction mixture containing 50 ng template DNA, 0.3 µM forward primer, 0.3 µM reverse primer, 1.5 mM MgCl 2 , 0.5 U of Taq DNA polymerase and 100 µM of each dNTP. PCR regime consisted of an initial denaturation at 94°C for 2 min followed by 35 cycles of 40 sec denaturation at 94°C, 1 min annealing at 54°C and 2 min elongation at 72°C. Final elongation was carried out at 72°C for 10 min. Of the 15 µl PCR reaction products, 5 µl were separated on a 10 % polyacrylamide gel and electrophoresed at 50 mA constant power for six hours. The electrophoresed polyacrylamide gels were silver stained and further analyzed for estimating crossspecies amplification and to identify, if any, geographical differentiation in rattans from South and Southeast Asia. At each of the PCR amplified microsatellite locus, the frequency of each allele was computed and compared. The mean number of alleles per locus and polymorphic percentage for each primer pair were determined using POPGENE version 1.32 (YEH et al., 1999) . The genetic differentiation among various rattan genera and species were analyzed using software, STATISTICA version 4.5 (STATSOFT, 1993) . Based on microsatellite specific PCR amplification products, cluster analysis was performed following Ward's algorithm (SNEATH and SOKAL, 1973) . For phylogeny reconstruction, the data was subjected to parsimony analysis using Winclada version 1.00.08 (NIXON, 2000) .
Results and Discussion
The present work intended to determine the extent to which pairs of primers designed for the amplification of microsatellite loci in coconut can be used for assessing Table 1 . -Coconut microsatellite primer pair sequences, repeat type and size range, used for crossspecies amplification in rattans (adopted from TEULAT et al., 2000) . Nageswara Rao et. al.·Silvae Genetica (2007) 56-6, 282-286 DOI:10.1515/sg-2007-0040 edited by Thünen Institute of Forest Genetics different genera of rattans which belongs to the same family (Arecaceae) as coconut. The utility of the coconut microsatellite primer pairs to produce PCR-amplified products across the rattan genera was demonstrated. Of the six different locus specific coconut microsatellite primer pairs, two primer pairs viz., CNZ34 and CN2A5 yielded sufficiently good cross-species amplification in rattans. The PCR product inheritance patterns of the two microsatellite primer pairs, CNZ34 and CN2A5, are in accord with the previous results obtained for coconut (TEULAT et al., 2000 ; Table 1 and 2). Both the primer pairs, CNZ34 and CN2A5, yielded a total of 11 and four PCR products respectively ( Table 3 ). The mean number of alleles per locus (PCR-product) for both the primer pairs ranged from 4.0-4.18 ( Table 3 ). The CNZ34 primer pair yielded 90.91% polymorphism, while CN2A5 primer pair yielded 100 % polymorphism ( Table 3) . The major amplified PCR products (based on their intensity) and their estimated molecular weights in the different rattan genera and species are depicted in Table 2 .
Cluster analysis employing Ward's algorithm (SNEATH and SOKAL, 1973) led to the segregation of the rattans into two distinct groups based on their genera. Two major clusters, with one having three genera (Korthalsia, Zalacca, Daemonorops) , while the other having one genera (all the Calamus species) was obtained (Fig. 1) . Within the latter cluster, rattan species from Indian origin (Calamus erectus from Northeastern Himalaya; C. thwaitesii from Western Ghats and C. palustris from Andaman and Nicobar Islands) grouped together, while those from Malaysia (C. mannan) and China (C. simplicifolia) grouped separately. This algorithmic method is well suited for diversity analysis since it groups the individuals into several clusters and has made it possible to discriminate all the rattan genera examined. The pair-wise genetic distance (Ward's method; SNEATH and SOKAL, 1973) among rattan genera are presented in Table 4 . For phylogenetic analysis, the binary matrix data was subjected to parsimony analysis using Winclada version 1.00.08 (NIXON, 2000) . The most parsimonious tree ( Fig. 2) with length (L) = 25; a consistency index (CI) of 0.62; Retention index (RI) of 0.68 was presented. The bootstrap analysis (50 % majority-rule consensus) of the molecular data yielded a topology that was congruent with the cluster analysis. With C. nucifera as the out-group, the tree suggests that Korthalsia, Zalacca, Daemonorops formed a separate clade (with 71% bootstrap support) while all other Calamus species formed a monophyletic group. In the present study, there seems to be a clear differentiation of rattan genera based on the coconut locus specific microsatellite markers screened for cross-species amplification. Thus, the two coconut microsatellite markers, viz., CNZ34 and CN2A5, could be potentially used in reconstructing the molecular differentiation of rattans. The potential transferability of microsatellite primers across species of the same genus (CIPRIANI et al., 1999) and across genera of the same family has been reported in Leguminaceae (PEAKALL et al., 1998 ), Myrtaceae (ZUCCHI et al., 2002 and Fagaceae (ALDRICH et al., 2003) . ROSSETTO (2001) reviewed the status of transferability of microsatellite markers to related taxa including many tree species.
We further examined the polymorphism for the microsatellite primer pairs (CNZ34 and CN2A5) within C. thwaitesii. Results showed lack of genetic variation indicating the highly conserved nature of these loci within a species (data not shown). While assessing cross-species amplification of eucalyptus microsatellite markers in Casuarinaceae, YASODHA et al. (2005) reported monomorphism within C. equisetifolia species. However, ROA et al. (2000) reported high levels of intraspecific variation in Manihot species using SSR markers. It has been observed that the microsatellite loci may exhibit decreasing variation as the evolutionary distance increases from the species used to develop the primer pairs (SUN and KIRKPATRIC, 1996) , and this may perhaps explain the lack of variation found within C. thwaitesii. Knowledge of DNA sequence, being a prerequisite to designing appropriate primers for the PCR analysis, has restricted the development and application of microsatellite markers to a few of the most agronomically important crop species. Most of the microsatellites reported have been developed from the public domain (GenBank database) which are generally available for the model organisms only. The knowledge of genome sequence is hardly available for most of the forest species like rattans. Hence, cross-species amplification, if possible, may facilitate more widespread use of microsatellites across species and genera. In summary, the coconut microsatellite markers could be successfully used to unravel the molecular differentiation of the four rattan genera. However, it could be of only limited use in determining genetic diversity within the same rattan species. Our study emphasizes the importance of conducting pilot studies to establish the utility of the planned genotyping system before largescale projects be initiated in rattans.
